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ABSTRACT

Peasiella is a genus of the Littonmdae with nnnute, trochoidal

shells, found onlv in the Indo-West Pacific region. A prexious

monograph recognized slx Recent species. As a result of new
anatomical information (reproductive anatomy, egg capsules,

radulae) two of these are dixided into five and two species,

respectively, to make a total of 11 species in the genus. Three

of these are descnhed as new. Additional notes on distribution,

variation and nomenclature are provided on otlier species.

Characters of the radula and pallial oxiduct are relatively uni-

form throughout the genus, hut penial shapes are often diag-

nostic. Shell shape and sculpture show extreme mtraspecific

x-ariabilitx'

INTRODUCTION

Pca.sicllo is one of the more poorly knoxvii genera of the

Littorinidae. In common xxith all members of the ,sub-

family Littorininae, its species occur t)n hard substrates

in the httoral zone. Although easily accessible and often

abundant, they are infre(juently collected oxving to their

small size and crvptic habit in rock crexaces and among
oyster and barnacle shells. All knoxvn species occur in

the Indo-West Pacific province and most are entirely

tropical, although several extend into the temperate

zones of southern Africa and the northxx'esteni Pacific.

Among Utt(jrinids, they are readily recognized by their

small (1-7 mmdiameter), trochoidal or depressed shells,

lacking spines, with open umbihcus and multispiral oper-

culmn. These characters are superficially similar to those

of trochids (but lacking the nacreous interior of that

group), with which they were often contused by eark

authors (see review of taxonoinic histon- bv Reid,

1989a). Other littorinids with trochoidal sliells include

the genera Bciiihicimu and m.scllop.sis irom Australia

and New Zealand (Reid, 1988), and Tcctiiniis and C.i'u-

chritis from the Indo-West Pacific and western Atlantic

(Ro.sevvater, 1972; Reid, 1989b; Reid & Celler, 1997).

' Present address: 1.3/F, Canton Road Covemment Offices, Ag-

riculture and Fisheries I^epartinent, Hong Kong

For long these small littorinids were neglected ta.\o-

nomicallv. The most recent monograph of e.xtant and

some fossil Pca.sicllo species was that by Reid (1989a);

before this the onlv compilations were a fist by Nevill

(1885) and a monograph bv Trvon (1887). The anatomy

(male and female reproductive tracts, paraspermatozoa,

egg capsule, alimentary tract, head-foot pigmentation),

radula, protoconch and teleoconch were described in de-

tail bx' Reitl (1989a). As a result, the genus xxas defined

not onlv bv shell and opercular characters, but iilso by

the uni(jue combination of the elongate penis with single

mamilliform peni;il gland and closed vas deferens, to-

gether xvith the double-looped form of the pidfial ovi-

duct, and other anatomical features. These same char-

acters were included in a phvlogenetic an;ilysis of the

morphology of the genera and subgenera of the Litto-

rinidae (Reid, 1989b). However, since none of the coded

anatomical characters appeared to be apomoqihic xxithin

the famil), the (juK' formal svnapomorphies of the genus

in this analysis were the trochoidal shell shape and mul-

tispiral operculimi, and neither of these xx'as unitjue.

Nexertheless, the close moiphological similarities among

its members leaves little doubt that the genus is a mono-

phvletic one; the arrangement of the loops of the p;dli;d

oxiduct is one unitjue character, but oxving to difficulties

of coding such structures it did not appear as such in

the formal auiilvsis. As a result of Reid's (1989b) phylo-

genetic analysis, it was clear that Peasiella was a member
of the derived subfamilv Littorininae, and probably a

relatively basal member, although its precise relation-

ships xxith such genera as Maimvarin^ia, Ccnchhtis and

Tcctariiis were not resolved. A recent molecular study

included a species of Peasiella. vxith members of Tcctar-

iiis. Ccncliriti.\ and Sodiliftorina. but did not find any

close relationships xxith these other genera (Reiil & C;ell-

er, 1997).

In th(- previous systematic account ni Peasiella species

(Reid, 1989al, anatomical details were provided for all

the six species then recognized. Hovxexer, the amount

of material available vxas limited; for example, for P.

'isseli' onlx one preseived male was dissected, and tor /'

'iiifraciKtalii' oulx seven. As a result, it was loiuluded
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that the genus was anatoinicallv rather uniform, without

the striking differentiation in reproductive characters

that has proved so useful for the discrimination of spe-

cies complexes elsewhere in the faniilv (e.g. Reid, 1986a,

1988, 1996). Instead, it was necessar\' to base species

definitions largely on the shape, sculpture and color of

the shell (although these characters were evidently sari-

able), and on geographical distributions. Anatomical

characters such as head-toot pigmentation, the number
of cusps on the outer margiuiil radular tooth, and pres-

ence or absence ot a copulatory bursa provided only mi-

nor input.

Our attention was once more drawn to the svstematics

of PcasicUa as a result of a stud\- iiv one of us (Y-MM)
of the littorinids ot Hong Kong. The fauna of Hong Kong
was thought to include three TcasicUa species (Reid,

1992), the highest number then known to occur s\in-

patricallv. However, it was tound that two distinct shell

forms of P 'infracostata' scnsti Reid (1989a), both rare

in Hong Kong and not yet found svnitopically (i.e. on the

same shores), produced egg capsules of different shape.

This prompted a reexamination ot this stipposed species

throughout its wide range in the IncUan and Pacific

Oceans. Meanwhile, further collections were made by Y-

MMthroughout the Far East. During the past decade
much new material has also accumulated in the major

museums. Using this new material, we found that penial

torm was, after all, a character showing useful interspe-

cific variation. As a result, we have revised the taxonomy
of two species complexes; PcasicUa 'infracostata' scnsii

Reid (1989a) is here showai to consist of five species,

and P. 'isscli' scnsti Reid (1989a) of two. These seven

species are fully described. We also record additional

information on the variability, distribution and nomen-
clature of other PcasicUa species. The number of species

recognized in the genus is therefore increased from six

to eleven.

MATERIALS ANDMETHODS

The descriptions and records are based on material in

the following museums: Natural History Museum, Lon-

don (BMNH); Museum National d'Histoire Naturelle,

Paris (MNHN); Instituut voor Svstematiek en Populatie-

biologie, Amsterdam (ZMA); Nationaal Natuurhistorisch

Museum, Leiden (NNML); Institut Royal des Sciences

Naturelles de Belgique (IRSNB); National Museum of

Natural History, Smithsonian Institution, Washington,

DC (USNM); Academ%- of Natural Sciences of Philadel-

phia (ANSP); Museumof Comparatixe ZoologN, Harvard

Universit}- (MCZ); Los Angeles Countx' Museumof Nat-

ural History (LACM); Natal Museum (NM); National

Science Museum, Tok-yo (NSMT): Department of Earth

and Planetary' Science. Kyushu Universit)- (KU); Austra-

lian Museum, Sydney (AMS) and the private collections

of H. Dekker, The Netherlands (HD) and
J.

Le Renard,

Paris (LR). In addition, t\pe specimens have been ex-

amined from Oxford Uni\ersit\ Museum (OUM); Mu-
seo Civico di Storia Naturale Giaconio Doria', Genoa

(MGD) and Zoological Survey of India. Calcutta (ZSI).

Unless otherwise indicated, all figured specimens are in

BMNH. LectoKpes ha\e been designated from svmtypic

series onK' for \-alid species names.

Shell height (H) was measured parallel to the axis of

coiling, and maximum shell diameter (D) perpendicular

to this iLxis. The height/diameter ratio was used as a sim-

ple index of shell shape. The number of whorls of the

protoconch was counted as described by Reid (1996: 9).

Where counts of the number of ribs above the periphery

are given, this includes the strong rib at the periphery;

this rib is not included in counts of the basal ribs. Li\ing

material was preserved in 80% ethanol, and dissected

under a binocular microscope. PiJUal oxiducts were ex-

amined by dissection; in \ery small animals the copula-

tory bursa can be impossible to find unless filled with

recentK deposited sperm; to confirm absence of the bur-

sa woukl re(juire histological preparation, but this was
not done in the present study. The loops of the albumen
and capsule gland follow a similar path in all species

examined, and are therefore not re-described (see Reid,

1989a, tor description and figures). Radulae were
cleaned ot tissue in a cold, ililute solution of hypochlorite

bleach, thoroughly rinsed in distilled water, and mount-
ed on a thin laver of polyvinyl acetate glue on glass cox'er

slips. Ratlulae were examined with a scanning electron

microscope. Unworn radular sections were photo-

graphed from three orientations: vertically above flat

radula (to show shape of teeth), at an angle of 45° from
front end of radula (to show shape of tooth cusps), and
at an angle of 45° from the side of the radula (to show
relief). For three species, egg capsules were obtained

from living animals. Females were placed inchvidually in

plastic vials (20 X 47 mm) half filled with filtered sea-

water Vials were covered and kept at room temperature
(24-26° C) with no aeration. The water was renewed
daily, and eggs were collected from the bottom of the

containers. Eggs were preserved in 5% formalin in sea-

water, for subsequent examination and measurement us-

ing light microscop\-.

The fists ot material examined are those records used
tor the cUstribution maps. Numbers of specimens dis-

sected are incUcated by M (male), F (female); R indicates

radula preparation, and P protoconch examination. For
the seven .species described in detiiil, the material listed

mcludes that examined during the previous study by
Reid (1989a), and the descriptions supercede the earlier

account. This earfier work should still be consulted for

detailed descriptions of the histology of the reproductive

system and of the sperm For those species for which
only additional notes antl records are given, full descrip-

tions and other records can be found in Reid (1989a).

SYSTEMATICDESCRIPTIONSOF REDEFINED
ANDNEWSPECIES OF PEASIELLA

PcasicUa infracostata (Issel, 1869)

(Figures 1-5, 35-41, 76-79, 108-109, 131)

Trochus sp, Audouin, 1826:42

Risella infracostata Issel, 1869:19.5-196, .348 [refers to Savigiiy,
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1817: pi. 5, fig. 40.1, 40.2; 16^01)^6 (Reid, 1989a; fig.41)

+ .3 paraleetot)pes MNHN, seen; Suez (Issel)]. Pallary,

1926:86, pi. 5, fig. 40.1, 40.2. Bouchet & Danrigal, 1982:

13, fig. 64.

Risella (Peasiella) infrocoslnta. —Ne\ill, 188.5:160. Tryon, 1887:

264, pi. 50. ficrs. 41, 42.

Peasiclhi infracostata— -Reid. 1989a:61-64, figs. 106-109,112

[in part; includes P fasciata. P fuscopiperata. P. habei, P

patula]. Bosch et al. 1995:46, fig. 118.

? Risella (Peasiella) tantillus var. subinfracostata Nevill, 1885:

160 [lectonpe (Reid, 1989a; fig. 35) + 2 syntypes ZSI;

lectotype seen; Nicobar Islands].

Nomenclature: In his description of this species, Issel

(1869) referred to Savigny's (1817) unlocalized figures of

Egyptian material, and ;ilso mentioned three specimens

of his own from Suez; the latter were not found by

Bouchet & Danrigal (1982) in Issels collection in MGD.
Reid (1989a) therefore designated one of four shells in

the Savignv Collection in MNHNas the lectotype.

The identit\- oi Risella (Peasiella) tantillus var. subin-

fracostata Nevill, 1885, is uncertain. The lectot\pe (Fig-

ure 35) measures 2. .3 mmin diameter by 2.2 mmin

height (H/D 0.96), is almost smooth above the periph-

ery, but for fine spiral microsculpture and traces of about

four spiral grooves near the periphei;)'; the base bears

four subequal ribs around a small umbihcus; the color is

cream with a single brown spiral line on the first whorl

of the teleoconch, and no other pattern. Of the known

species of the genus, this shell can be compared with P.

infracostata and P. fasciata. In outline it resembles P.

infracostata, for the whorls and aperture are less round-

ed than in P fasciata; however, it lacks the enlarged mid-

basal rib that is often present in the former. The sparse

color pattern is unlike any k-nown specimens of either of

these .species. The locafity of Nevills shells, from the

Nicobar Islands, is far from the clo.sest known occur-

rence of P. infracostata in Bombay, and from that of P.

fasciata in Borneo. The only other Peasiella species re-

corded from the Andaman Sea is P. roepstorffiana (Reid,

1989a), but that .species usually has stronger spiral sculp-

ture, flatter whorls and a strong peripheral keel. Until

more information is a\iiilable, the name is tentatively

included in the synonvmy of P. infracostata.

Reid (1989a) confu.sed five species under the name P
infracostata (here distinguished as P infracostata s.s.. P.

fasciata, P. fuscopiperata. P. Iiahei and P. patula), misled

by their similar and confusingly variable shells.

Shell (Figures 1-5, 35-41): Adult size range 1.1-2.6

mmdiameter. Shape: thickness varies from dehcate and

translucent, to thick-walled and opaque; equilaterally

conical to depressed-globular (H/D 0.7-1.0); outline

domed; whorls usuallv rounded or with rounded shoul-

der, becoming almost flat-sided on last whorl of largest,

thick-walled shells; suture always distinct; periphery oc-

casionally uniformly rounded, but usually marked by

sharp angle or rib, rarelv de\eloped as a narrow flange;

base usually shghtly rounded, becoming flat or even

shghtlv concave in largest, thick-walled shells; umbilicus

small to large, occasionally closed in thick-widled shells;

columella narrow, uniformly rounded. Sculpture: proto-

conch not seen, apex usuallv eroded; teleoconch whorls

always lacking ribs above periphery, microscopically

smooth or with fine spiral microstriae (rarely, about 6

striae mav be more prominent, but not developed into

ribs. Figure 39); 1—4 ribs on base (rarely absent, or 5-

6), of which that at mid-point of radius is usually most

prominent (producing shght angulation of base). Color:

translucent yellow-browni, opaque white where shell is

thicker at suture and periphery (entirely white in thick-

walled shells); pattern of p;ile or dark brown or black,

oblique or zigzag, narrow lines from suture to periphery,

numbering .5-19, darkest at periphery and sometimes

idso at suture; pattern occasionally represented only by

peripheral stripes; spire mav be brown, or frequently

marked only by single spiral brown line; base usu;dly

pale with brown line in outermost groove, line some-

times absent, base rarely brownish with paler ribs; col-

umella and parietal area usually not colored, rarely

browni.

Animal: Head-foot: front of head blackish, with a sep-

arate black band across base of snout; tentacles unpig-

mented; foot may have black pigment around opercu-

lum. Penis (Figures 76-79): filament long (50-60% total

length), tapering; base slightly thicker, with single small

mamilliform penial gland. Pallial oviduct: bursa not seen.

Radula (Figt/rc.v 108, 109): cusps pointed, central cusp

of rachichan tooth slightly apiculate; outer marginal tooth

with 6-7 long, pointed cusps, outermost more rounded,

becoming smaller toward micUine.

Distribution: Habitat: Among barnacles in upper eu-

littoral on surf beach (Oman;
J.

D. Taylor); rock pool on

hmestt)ne, in upper eulittonil of sheltered shore (Oman;

E. Glover); under rocks and stones in intertickil (Oman;

R. G. Moolenbeek & H. Dekker); under coral blocks in

eulittoral (Eg\pt; D. G. Reid). Abundant at some local-

ities in Omanand at Karachi, but elsewhere appears to

be scarce.

Figures 1-5. Peasiella infracostata. 1. Has ;il-Ha<kl, Oman(BMNH 19963S1 ). 2, 4. Kaniclii, Pakistan (BMNH 1996383). 3. Tiwi

Beach, .30 km S Mombasa, Kenya (BMNH 1996.384). 5. 4 km S Ras Qudntali, M;isiiuh I., Oman(BMNH 1996385). 6-10. Peasiella

fuscopiperata. 6. LectoUpe oi Cijelostretna fuscopiperata Turton, 1932, Port AltVed, South Africa (OUM). 7. North Bay, Bengnera

I., Mozambique (NM k7412). 8-10. Tiwi Beach, .30 km S Momb;isa, Kenya (BMNH 1996386). 11-13. Peasiella patula. 11.

Holotype, Chaugi l^)inf, Singapore (BMNH 1996276). 12, 13. St. John's I., Singapore (BMNH 1996387). 14-17. Peasiella fasciata.

14. livol Mission, C;ape Dampier, New Britain. Papua New Guinea (AMS C16312S). 15. HolotApe, Turtle Bay, Cape Ferguson,

Queensland, Austraha (BMNH 1996272) 16, 17. Cape d'Aguilar, Hong Kons; (BMNH 1996.388) Scale bar = 2 nun.
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Range (Figure 131): East Africa, Reel Sea, Oman, Pa-

kistan, possibly Nicobar Islands.

Records and material examined: Mozambique; Con-

duda Bav (NM). Tanzania: Zanzibar (BMNH). Kenya:

Tiwi Beach, 30 km S Mombasa (BMNH, 2M). Somalia:

Mogadiscio (ANSP). Egvpt: Hurghada (BMNH; HD);

Suez (Issel, 1869). Yemen; Perim Island (MNHN); Aden
(MNHN): Haui al-M;ihr;ih (HD). Oman: Ravsut, Sal-

aliih (BMNH; ZMA); Kuria Muria Islands (ZMA); Ma-

sirah Island (BMNH, 2M, IF; ZMA); Ras al-Hadd

(BMNH, IM, IF, IR). Paki.stan; 7 km WBulegi Point,

Sind (LACM); Karachi (BMNH, 3M, 5F 2R). India:

Mada Island, Salsette Island, Bombay (ANSP); Nicobar

Islands (ZSI; uncertain identification, see Nomenclature,

above).

Remarks: The shell of this species shows considerable

\ariation in shape, thick-ness, opacit\' and coloration.

Thin-walled, translucent shells with inchstinct pattern,

rounded whorls and no peripher;il rib (Figures 2, 36, 40)

look very different from larger, thick-wiilled, opaque,

strongly domed shells with striking black and white pat-

tern, shaqDlv angled periphery and flat or concave base

(Figures 1, 3). Yet these extremes are connected by

many intermediates, and even within samples from a sin-

gle localit)' there can be great variation (Figures 36, 37,

39, 40). Whether there is a geographical or ecological

correlation to this variation is not clear Shells from Pa-

kistan are mostly of the translucent form with pale pat-

tern, those from East Africa are opaque and strongly

marked, whereas those from the Red Sea and Oman
span the entire range. A common feature of the shells

is the generallv small number of basal ribs, often 3 or

less, of which that at the mid-point of the radius is usu-

ally slightly larger than the rest. The color pattern of

narrow olilique or wavy a,\ial lines is also a useful rec-

ognition character

This species is closely similar in shell characters to P.

fiiscopiperata, and some of the translucent, rounded

shells are indistinguishable. That thev are indeed distinct

species is confirmed by the difference of the penis in

each (long filament and small mamilfiform gland in P.

infracostata, short filament and large gland in P. fiisco-

piperata), which is maintained in svntopic samples from

Tiwi Beach, Kenya (Figures 76, 77, 80, 81). At this lo-

cality (as in a dry collection from Conducia Bav, Mo(jam-

bique) both species are represented by thick-walled

forms; the shells of P. infracostata have a taller spire,

more steeply domed, with flatter final whorl and sharper

peripheral angle, the base is flatter vvqth 1-2 or rareK' 3

coarser ribs (3—4 in P. fuscopipcrata) and the umbilicus

smaller or closed; the color pattern is sometimes very

similar, but in P. infracostata the oblique lines are dark

and more regular (Figure 3), whereas in P. fuscopiperata

the coloration is much more variable in intensitv and

pattern, including irregular markings, spiral bands and

fine marbhng (Figures 8-10). Thinner-shelled forms of

these two species are distinguished by the slightly taller

spire of P. infracostata, and sometimes by the basal ribs,

of which the centr;il one is often enlarged in P. infra-

costata, whereas in P. fuscopiperata the ribs become
larger toward the periphery.

As a consequence of this similarity, the southern geo-

graphical range of P infracostata is uncertain. Available

material from southern Mozambique and South Africa

consists mainly of dry sheUs, oi the translucent tvpe. AU
anatomical material seen from this area has been of P.

fuscopiperata, but more is required to confirm that P.

infracostata does not occur No anatomical material has

been seen from the Red Sea (including the tvpe locality,

Suez), and the association of the name with the speci-

mens from Oman and Pakistan is based on apparently

identical shells and geographical proximity. The eastern

limit of P. infracostata remains imclear: adtlitional ma-

terial is necessary to confirm the synonviny of NeviU's

(1885) subinfracostata from the Nicobar Islands (see

Nomenclature, above).

Peasiclla fuscopiperata (Turton, 1932)

(Figures 6-10, 42-48, 80-83, 110, 111, 132)

Cijclostrcnm fiiscopifwrata Turton, 19.32:198-199, pi .51, fig.

1.379 [lectot\pe (here designated, 1.9 mmdiani.. Figure

6) -I- paralectotype, OUM, seen; Port Alfred. South .\fri-

ca].

Peasiclla infracostata. —Held, 1989a:61-64 [in part; includes P.

infracostata. P. fasciata, P. habei, P. patula; not P. infra-

costata (Issel, 1869)].

Nomenclature: Suiprisingly, since this species is not

unconnnon in southern Africa, it does not appear to have

been mentioned in works on moUusks of the region, ex-

cept in Turton's (1932) origin;d description of shefls from

the southern extremit^• of its range.

Shell (Figures 6-10, 42-48): Adult size range 1.3-

2.7 mmdiameter Sluipe: thickness \aries from delicate

and translucent, to more sofid and opacjue; depressed to

flattened (H/D 0.54-0.91); outline domed; whorls

rounded, suture impressed; in thin-walled shells periph-

Figurcs 18-24. Peasiclla halm. 18, 19. 4-5 km SWTsutsu, Tsushnna I., Nagasaki l^rel'., Japan (BMNH 1996.389), 20. IloloUpe,

Esu Cape, Shiraliama, Wakayama Prcf
, Jajian (BMNH 1996274). 21. Tai Ping Bav, Qingdao, China (BMNH 1996.390) 22. Lok

WoSha, Mong Kong (BMNIl 1996391). 23. Baten, Okinawa, Japan (BMNH 1996.392). 24. Ma Lin Shi, Tolo ILidioun Hong Kong

(BMNH 1996393). 2.5-29. Peasiella isseli. 25, 28. Oaliab, Sinai, Egypt (BMNH 1996394). 26, 27. Hurghada, E,g\pt (BMNH
1996.395). 29. Suez, Eg>pt (BMNH 1882.8.7.316). .3()-.34. Pca.siclla m/iiiritiana .'50. Llc•to^pe o( Ri.sclla isseli var maiiritiana

Viader, 1951, Grand Bav, Mamitius (BMNH 19S9()()4i 31. Arabian C;ult (BMNH 1996.396). .32. Inhaca I., Movamhiiiue (NM
L3435). 33. Sadh, Oman (BMNH 1996397) 34. •/an/il)ar, Tanzania (BMNH 1904.10.20.97). Scale bar = 2 unn.
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ery uniformly rounded or marked by slightly thickened

rib onlw in thicker shells peripher\' angled and marked

bv sharp keel or narrow flange; base rounded; umbilicus

of moderate size; columella rounded, shghtK thickened

and angled at base. Sculpture: protoconch 240 |xm di-

ameter, 2.5 whorls, protoconch II sculptured by scat-

tered granules and narrow raised ridges (as in Figures

106, 107 of P. fasciata): teleoconch whorls usually mi-

croscopically smooth above periphery, or with fine spiral

microstriae, rarely with 2-6 slight or indistinct ribs; 2-6

(rarely 0, 1 or 8) ribs on base, outermost strongest, be-

coming weaker toward umbilicus; basal ribs fine, indis-

tinct or absent in thin-walled shells; rarely minute per-

iostracal bristles present on basal and dorsal ribs. Color:

thin-walled shells translucent pale yellow-brown with

faint pattern of 6-14 oblique or wawbro\\ni lines (some-

times present onlv as faint marbling), distinct only at

suture and periphery, base unmarked; thicker shells

opaque white or beige, with highly variable pattern: red-

brown to black coarse, irregular pattern of bands, chev-

rons and zigzags, usually leaxdng an unpigmented sutural

band; sometimes a continuous broad spiral band on

shoulder; sometimes a paler brown pattern of diffuse

marbhng, with or without 9-12 darker peripheral spots;

spire orange-brown, often with dark red-brown spiral

band; base sometimes red-brown with 6-10 dark spots

on white peripheral keel; lower columella and parietal

callus sometimes red-brown.

Animal: Head-foot: front of head blackish, with a sep-

arate black band across base of snout; tentacles unpig-

mented; foot with some black pigment on sides or un-

pigmented. Penis (Figures 80-83): filament small (10-

20% total length), tapering; base thicker, sometimes

wrinkled, with single very large mamilliform penial gland

occupying most of its length. Pallial oviduct: bursa not

seen. Radula (Figures 110. Ill): cusps pointed, major

cusp of lateral and inner marginal tooth sometimes

sUghtly rounded, central cusp of rachidian tooth sUghtly

apiculate; outer marginal tooth with 5-8 long, pointed

cusps, outermost more rounded, becoming smaller to-

ward midline; base of rachidian tooth sometimes devel-

oping a pair of small posterior denticles.

Di.stribution: Habitat: Eufittoral; low, undercut lime-

stone cliffs with fringing reef platform beyond (Kenya;

D.S. Brown): alive in coralline algal debris washed up
on strand line (South Africa; D. Herbert).

Range (Figure 132): East coast of South Africa to Ke-

nya.

Records and material examined: South Africa: Port Al-

fred (NM, OUM); East London (NM); Mbot\i. Pondo-

land (NM); Port Edward (NM); Umdhloti, Natal (NM);

Mapelane, Zululand (NM, 2M); Leven Point, Zululand

(NM, IM). Mozambique: Benguera Island, Bazaruto Ar-

cliipelago (NM); Conducia Bay (NM). Kenya: Tiwi

Beach, 30 km S Mombasa (BMNH, 7M, 4F, 4R, IP).

Remarks: Reid (1989a) identified smooth-shelled

forms of this species as P. infracostata, and those rare

examples with spiral sculpture above the periphery as P.

isseli (with which P. mauritiana was then included). The
form of the penis pro\dded the first evidence that this

species is distinct; the short filament is found elsewhere

in the genus only in P. patula, but there the mamilhform

gland is of a different shape. The present species is svm-

patric with tvvo others, P. mauritiana and P. infracostata,

in East Africa, and penial shape is diagnostic of each.

The shell is most similar to that of P. infracostata, and

separation of the two has been discussed in the Remarks

on that species. In both, the shell shows parallel variation

in thickness, opacity, spire height, angulation of the mar-

gin and intensitv^ of color pattern. Occasional shells with

spiral sculpture abo\e the periphery' could be confused

with those of P. mauritiana; P. fuscopiperata lacks the

shoulder angulation of that species, is usually a more
dehcate shell and rarely shows the same pattern of

strong oblique radial lines.

PeasicUa patula new species

(Figures 11-13, 52-56, 84-87, 112, 113, 123, 127, 128,

133)

Peasiella infracostata. —Reid, 1989: 61-64, fig. 110 [in part; in-

cludes P. infracostata, P. fuscopiperata. P hahei. P. fa.scia-

ta: not P infracostata (Issel, 1869)].

Etymology: Latin patulus, open, in reference to the

relatively large aperture.

Types: Holotype BMNH1996276 (Figure 11); 5 para-

types BMNH1996277, 49 parat\pes in alcohol BMNH
1996278 (Figures 87, 112, 113)'. Type locality: Changi

Point, Singapore.

Shell (Figures 11-13, 52-56): Adult size range 1.2-

2.0 mmdiameter Shape: depressed to coniciil (H/D
0.75-0.85); somewhat patulous, last whorl enlarged, ap-

erture relatively large; protoconch (if present) projects

as papillose tip to spire; whorls well rounded or inflated,

often with rounded shoulder, suture impressed; angled

peripheiT marked by shaq3 but bareh' projecting keel;

base slightly rounded; umbihcus wide; columella narrow,

cuned at base; viewed from above or below, apertural

Figures 35—41. Peasiella itifracostala. .'$5. Lcctoh pi* u{ Risellu [Peasiella) lunlillus vm. subinfracostata Ne\ill, 1885, Nicobar Is

(ZSI). 36, 37, 39, 40. Karachi. Pakistan (liMNH l'996383). 38. 4 km S Ras Qudufah, Masirali I., Oman (BMNH 1996.385). 41.

Lectohpe of Risella infracostata Ls.sel, 1869, Red Sea (MNHN). 42^8. Peasiella fuscopiperata. 42, 43, 46, 48. Tiwi Beach, 30

km S Mombasa, Kenya (BMNH 1996.386). 44. Leven Point, Zuhiland Sontli Africa (NM E2745). 45. Mzaniba, Transkei, South

Africa (NM .3028). 47. Mapi'lanc, Znhiland South Africa (NM D2415). Scale bar = 1 mm.
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edge is curved (i.e. growing edge is prosocyrt). Sculp-

ture: protoconch 260 ^I,m diameter, 2.7 whorls, sculpture

not preserved; teleoconch whorls smooth or with 6-7

indistinct to strong spiral ridges; 4—.5 fine rihs on base;

surface smooth or with fine spiral microstriae; basal ribs

occasionally bear minute periostracal bristles. Color

cream to vellow ochre, with 4—7 fine bnmTi spiral lines

above periphery' (including dark line at suture; some-

times increasing to 9 at end of last whorl); 7-12 browm

obhque short stripes at periphery and suture, often faint

or absent, occasionally continuing indistinctly across dor-

sal surface; base with 1-2 spiral brown lines at peripherv',

margin of umbificus sometimes puiplish brown; colu-

mella and parietal area purplish brown.

Animal: Head-foot: usually entirely unpigmented;

sometimes slight blackish pigmentation behind head. Pe-

nis (Figures 84-87): filament slender, tapering, 30-40%

total length; base thick, single large mamilliform penial

gland (occup)ing 60-80% total length) with narrowly

elongate reservoir; subepithelial glandular tissue at base

of filament and around base of reservoir. Pallial oviduct:

bursa not seen. Egg capsule (Figures 123. 127, 128): di-

ameter 221.7 (j.m (SD 13.1 |jLm, n=10; ovum diameter

66.0±1.6 Jim; Singapore; this study), of depressed cu-

pola type with 3 concentric rings on upper side and

pleated margin (like a thick cogwheel), containing single

ovTim. Radula (Figures 112. 113): all cusps shaiplv point-

ed, central cusp of rachidian tooth slightly apiculate;

base of rachidian tooth with two sharp posterior denti-

cles; outer marginal tooth with .3—4 pointed cusps, be-

coming smaller toward midline.

Distribution: Habitat: Among barnacles and oysters

in upper euUttoral, on rocky shores and sea walls (Sin-

gapore).

Range (Figure 133): Singapore, Gulf of Thailand,

northern Borneo.

Records and material examined: Singapore: Changi

Point (BMNH; 1M,4F, 3R); Changi South (BMNH; 4M,
2F); St. Johns Island (BMNH; 2R, lP).Thailand: Pattava

(Le Renard Colin). Sabah: Berhala Channel, Sandakan

(USNM).

Remarks: The expansion rate of the shell is larger in

this species than in other members of the genus, so that

it achieves a sUghtly, but tlistinctly, patulous shape which

is characteristic. The color pattern resembles that of F.

fasciata, ;ilthough the fines are usually less pronounced

and the sutural and peripheral spots more developed.

These two species are distinguished b\ their penial form.

the filament being slender and short in P. patula, and

the mamilfiform gland relatively larger. Their egg cap-

sules differ in shape in samples of P. patula from Sin-

gapore and P fasciata from Hong Kong The\ have not

yet been found s\ntopically, but their known ranges ap-

pear to overlap in northern Borneo; additional collecting

in the region may well rev'eal wider SMiipatn. The radula

of P. patula is peculiar, showing a p;ur of shaip posterior

denticles on the base of the rachicfian tooth (Figures

112, 113). Among other littorinids, similar denticles have

been described only in Melarhaphe neritoides (Bandel,

1974: figs. 58, 59), but the stnictures are clo.ser to the

posterior edge of the tooth in P. patula, and are probably

not homologous. Sfight development of basal denticles

has been found in one example of P. fuscopipcrata and

one of P. isseli. One specimen from the tvpe locality

showed both a fulK- formed pallial oxiduct and a well

developed penis (see remarks on pseudo-hermaphrodit-

ism under P. habei). This is the rarest of all the Pcasiella

species in museum collections, perhaps because of its

limited geographical range; in Singapore it occurs abun-

dantly.

Pcasiella fasciata new species

(Figures '14-17, 49-51, 8.8-91, 106, 107, 117, 122, 125,

126, 134)

Peasielln infracostnta—Keid. 1989a:61-64, fig. 12, fig. .30 (rad-

vila), fig. 48 (penis), fig, 112 [in part, includes P infracos-

tata, P. fuscopipcrata, P patula, P. habei; not P. infracos-

tata (Issel. 1869)]. Reid, 1992:194, fig. Ic (penis), fig. 2c

(oviduct), pi. 1, figs, i, 1, 111 [in part, includes P. habei].

Etymology: Latin fasciatus, banded, in reference to

color pattern.

Types: Holotvpe BMNH1996272 (Figure 15); 5 para-

types BMNH1996273; 1 parat>pe AMSC203254. Type

locality-: Turtle Bay, Cape Ferguson, Queensland, Aus-

tralia.

SheU (Figures 14-17, 49-51, 106, 107): Adult size

range 1.3-2.5 nun diameter. Shape: turbinate to de-

pressed turbinate (H/D 0.78-1.12); outhne domed;

whorls well roundeil, suture distinct; peripher\' uniform-

1\ rounded, or angled, or marked by a more or less

prominent rib; base rounded; umbificus snuill or almost

closed; columella narrow, uniformly rounded. Sctdpture:

protoconch 240 [xm cfiameter, 2.6 whorls, protoconch I

smooth, protoconch II with scattered small granules and

narrow wavy or straight ridges, of which 6 are visible

above suture (Figures 106, 107); teleoconch whorls

Figures 49-51. Pcasiella fasciata, \}\o\ Mission. Cape Danipier, New Bntam, I'apua NewGuinea (AMS C163128). 52-56. Pcasiella

patula. 52. Changi Point, Singapore (BMNH 1996278). 53-55. St. Johns I.. Singapore (BMNH 1996387), 56. Pata\a, Thiulaiid

(LR 990f2), 57-«l. Pca.'iiella habei. 57. 4-5 km SWTsutsu, Tsushima I., Nagasaki Pref , Japan (BMNH 1996389). 58, 59. Nejiko,

Hirado I., Nagasaki Pref., Japan 60. Ma Liu Shi, Tolo Harbour, Hong Kong (BMNH i996.393). 61. Zanpa Point, Okinawa, Japan

(AMS C146702). Scale bar = 1 mm
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smooth above periphery, with fine spiral microstriae,

rarelv with .3—4 faint groo\-es: 3—4 ribs on base (rarely 1-

6), becoming stronger toward periphen: Color translu-

cent cream to opatjiie gra\ish white; pattern of brown,

dark red-brown or black lines or bands, numbering 2-8

above periphery on last whorl (only 2—4on spire whorls),

bands often altematelv thick and thin on last whorl; in

addition sometimes 6-13 f;unt brownish spots at suture

and periphery ; 2—4 dark lines in grooves at periphery of

base; base of columella and umbilical area sometimes

dark purphsh brown.

Animal: Head-foot: front of head blackish, with a sep-

arate black band across base of snout; tentacles unpig-

mented or with single longitudinal black line; toot un-

pigmented or with blackish sides. Penis (Figures 88-91):

filament 40—50%total length, cylindrical and rounded at

tip; base thicker, with single maniillitorm penial gland of

moderately large size (30—40% total length). Pallial ovi-

duct: bursa present. Egg capsule (Figures 122. 125, 126):

diameter 215.4 ^.m (SD 5.8 jim, n = 10; ovum diameter

77.8±2.9 |jim; Hong Kong; this study), of depressed cu-

pola Kpe with 4 concentric rings on upper side and

pleated margin with peripheral keel, contiiining single

ovum. Radula (Figure 117): cusps pointed, central cusp

of rachidian tooth shghtly apiculate; outer marginal tooth

with 5-6 long, pointed cusps, outermost more rounded,

becoming smaller toward midline.

Distribution: Habitat: among algae in rock pools

(type locahtv; A. Mitchell); among short calcareous

green algae and Caidctya, on wave-exposed rocky plat-

form (Cape Dampier; P. H. Colman); among euhttoral

cobbles, cre\dces in granite and sedinientarv rocks,

among Saccostrca, on fairly sheltered and wave-exposed

coasts (Hong Kong;
J.

D. Taylor, Y.-M. Mak). Appears

to be generally scarce.

Range (Figure 134): Queensland, New Guinea, Bor-

neo, Vietnam, Hong Kong, Taiwan.

Records and material examined: Queensland, Austra-

Ua: Facing Island, Port Curtis (AMS); Turtle Bay, Cape

Fergu.son^AMS; IM, IR); ILdfmoon Bay, Cairns (AMS);

Green Island (AMS); Port Douglas (AMS). New Britain,

Papua New Guinea: Uvol Mission, near Cape Dampier
(AMS; 3M, 2F, 2P); Duke of York Island, Ral)aul (AMS).

Sabali: Bak-Bak, 9.6 km N Kudat (USNM). Vietnam: La
Table Island. Tonkin (MNHN). Hong Kong: Wu Kwai

Sha (BMNH; 2M, 2R); Peng Chan (BMNH; IM); Hoi

Ha (BMNH; 2F); C:ape d'Aguilar (BMNH). Tmwan: Shi

Cheng, Taipei (BMNH).

Remarks: The first evidenc-e that this species was chs-

tinct from P. hahei (both confused under P. infracostata

by Reid, 1989a, 1992) was provided bv their differently

shaped egg capsules in Hong Kong (Figures 122, 124).

Differences in shell shape and penial lorni were then

recognized, as describi'il in the Remarks on P. hahei.

The shell of P. fasciata is easily recognized by its com-

bination of dark spiral lines, tinliinate shape with well-

rounded whorls, and small umbihcus. Spiral color bands

are found in some other Peasiella species, especially on

the spire whorls, but are onlv well-developed on the last

whorl in one other species, P. patula. which is distin-

guished by its patulous shape. Anatomically, P. fasciata

is characterized by its penis with long, cylindrical fila-

ment and moderatelv large mamilhform gland. As in P.

infracostata and P. fuscopiperata. the shell can be

opaque and solid, or translucent, although it is never as

dehcate as in some examples ot those species. This spe-

cies is rare in collections.

Peasiella hahei new species

(Figures 18-24, 57-61, 92-98, 114-116, 124, 129, 130,

135)

Litlorinn-capsuln hahei Tokioka, 1950:151-1.52, fig. 6.1 (egg

capsule) [Ago and Taiiabe Bavs, Japan; name una\ailable,

see below]."Habe, 19.56:117-121.

Peasiella roepstorffiana. —Habe. 1956;lliS-121, fig. A (egg cap-

sule). Oyama& Takemura, 1961: Peasiella and Littorinop-

sis pi., figs. 1-3. Yaniamoto & Habe, 1962:16, pi. .3, figs.

3, 4, figs. 34, 35 (egg capsule). Amio, 1963:.303, figs. 22a,

b (egg capsule). Habe, 1964:28, pi. 9, fig. 23. Higo, 1973:

46. Habe, 1984:11. fig. 1. Ohtsuka & Yoshioka, 1985:232,

fig. 4B. Okutaiii, 1986:71, unnumbered pi Fukuda, Ma-

shino & Sugimura, 1992:57, pi. 43, fig. 126. Higo & Goto,

1993:74. [All not P. roepstotfiana (Ne\ill, 1885)[.

Peasiella infracostata— Reid, 1989a:61-64, fig. 10, fig. 29 (rad-

ula), fig. 47 (penis), fig. 64 (egg capsule), fig. Ill [in part;

includes P infracostata, P. fuscopiperata. P patula. P. fas-

ciata]. Choe, 1992:290, .591, fig. 56. Reid, 1992:194, pi. If

[in part: includes P fasciata]. Choe & Park, 1993: 19-20,

text fig. 2. [All not P infracostata (Issel. 1869)].

Etymology: To honor Prof T Habe, who has contrib-

uted much to the studv of Japanese httorinids.

Types: Holotxpe BMNH1996274 (Figure 20); 9 para-

types ni alcohol BMNH1996275. Type locidity: Esu

Cape, Shirahama, Wakayama Prefecture, Japan.

Nomenclature: Uniquely for a Uttorinid, the first

name for this species was applied to its egg capsules.

Tokioka (1950) described two types of httorinid egg cap-

sules in plankton hauls from Ago and Tanabe Bays in

southeastern Honshu, to which he gave Latin names.

Since the httorinids that produced the capsules were not

kniowni, he coined a new genus Littoiina-capsula. Sub-

secjnentlv, Habe (1956) showed that one of these cap-

sides, Littorina-capsula hahei, was the egg of the com-

mon Japanese species of Peasiella (which he misidenti-

fied as P. roepstoiffiana). However, it is debatable

wlu'ther the specific name gi\en by Tokioka is nonien-

ilaturalK a\ailable. Habe (1956) apparenth' considered

it so, printing it in italics. Others have not done this, and

thus appi^ar to have judged it unaviiilable (Amio, 1963;

Reid, 1989a). In its favour it can be argued that the

name is uniuubiguous, since the egg capsule is distinctly

different from those of other known Japanese httorinids.

A name based on ouK one stage in a fife cycle, while

undesirable, is not iherebv made unaNaikdile (ICZN Art.
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17). The generic name Littorina-capsula is una\;dlable

(since it is not accompanied bv fixation of a t\pe species,

ICZN Art. 13b), but this does not affect the standing of

a specific name combined with it (ICZN Art. llh). The
inclusion of a hvphen in the generic name is an incorrect

spelling (ICZN Art. 32c), and does not indicate that the

name is non-binominal. On the other hand, it appears

that Tokioka did not intend to introduce new names for

httorinid species, for he stated: For con\enience of re-

cording these capsules met with during our plankton

studies, I propose to give them the following provisional

names'. This, we believe, debars the names from no-

menclatural consideration, since the ICZN Code specif-

ically excludes names proposed "as means of temporan.

reference and not for formal taxonomic use as scientific

names' (ICZN Art. lb). This case is a complex and un-

usual one, and is open to altemati\e interpretations. If

Toldoka's name were to be accepted, the egg capsules

studied by him would have the status of type material;

inquiries from the Seto Marine Laboratorv have shown
that no such material exists there (S. '^'amato, pers.

comm.). In this case, our choice is to re-describe the

species as new, based on type material of adult aniniiils

collected near the locality of Tokioka's capsules. How-
ever, in recognition of Tokioka's discoverv of the egg cap-

sules, his intention to honor Prof T Habe, and to pro-

vide continuitv, we use the same specific name.

In the Japanese literature this species has generallv

been misidentified as P. rocpstotjfiana, while Reid

(1989a, 1992) incorrectlv included it under P infracos-

tata.

Shell (Figures 18-24, 57-61): Adult size range 1.6-

3.8 mmdiameter Shape: equilaterally conical or sfightK-

more depressed (H/D 0.60-1.03); outhne domed; whorls

almost flat-sided or rounded or shghtlv shouldered, su-

ture inconspicuous or impressed; peripheral keel prom-
inent, often a projecting flange, rarelv slightlv undulat-

ing; base flat to slightlv rounded; umbilicus usualK' nar-

row; columella narrmv, cun'ed at base. Sculpture: pro-

toconch 230 |xm thameter, 2.5 whorls, sculpture not

preserved, apex usually eroded; teleoconch whorls usu-

ally smooth, with spiral microstriae, sometimes with 6-

11 equidistant spiral grooves above peripherv in largest

specimens; .3-.5 (rarelv 6) shaip ribs on base, equidistant

or becoming closer around umbilicus; basal ribs (and oc-

casionaUy dorsal ribs) may bear periostracal bristles. Col-

or: variable; fawn, cream or ochre, paler at peripherv,

with obhque (sometimes axial or zigzag) anastomosing

browm stripes (sometimes faint, especiaUv in Hong
Kong), always darkening to form single row of 7-12

more or less conspicuous large brown or black spots near

periphery (occasionallv fusing to give a sofid spiral band)

which become narrower as they extend over pale pe-

ripheral keel; pattern on spire whorls darker, often

blackish where eroded (especiallv in Japan); occasionallv

2^ spiral Isrown lines on spire whorls (common in Oki-

nawa), usuallv disappearing on last whorl, but rarelv per-

sisting as 5-9 spiral lines; base ochre to brown, darker

near umbilicus and in peripheral groove adjacent to keel;

sometimes shell more darklv patterned, spire and base

black, last whorl with obhque anastomosing black stripes

on whitish ground (some from Japan and northern Chi-

na).

Animal: Head-foot: front of head blackish, with sepa-

rate black band across base of snout, occasionallv almost

unpigmented; tentacles unpigmented; sides of foot

sometimes slightly pigmented. Penis (Figures 92-98): fil-

ament long (50-60% total length), vemiiforni; base

shghtly thicker, 1 (rarely or 2) small mamilhform penial

gland. Pallia] oviduct: bursa present. Egg capsule (Fig-

ures 124. 129, 130): diameter 261.3 |xm (SD 0.5 |xm,

n=10; ovum diameter 68.3±2.3 |xm; Hong Kong; this

study), 150-250 jjim (Japan; Tokioka, 1950; Amio, 1963;

Ohtsuka & Yoshioka, 1985), of cupola Upe with 4 con-

centric rings on upperside, containing single ovum. Rad-
ula (Figures 114-116): cusps pointed, central cusp of

rachidian tooth shghtly apiculate, major cusp of lateral

and inner marginal teeth sometimes shghtlv rounded;

outer marginal tooth with 4-6 (rarelv 3) long, pointed

cusps, outermost more rounded, becoming smaller to-

ward midline.

Distribution: Habitat: In Japan this species is abun-

dant in crevices and among barnacles in the middle and
upper eulittor;il zone, on sheltered and moderatelv ex-

posed rock"\ shores; on exposed shores it shows a pref-

erence for surfaces protected from wave action (Mori et

al. 1985a, b; Tanaka et ai, 1985). In Hong Kong and
Taiwan it appears to be rare, and is found among bar-

nacles and oysters in the uppermost euhttoral zone on
sheltered shores.

Range (Figure 135): China, Korea, Taiwan, Rvukxii Is-

lands, Japan.

Records and material examined: China: Ma Liu Shi,

Tolo Harbour Hong Kong (RMNH; IM, IF, 2R); Lok
WoSha Bay, Tolo Channel Hong Kong (BMNH); Pao-

tai, Xiamen (BMNH; IM, IF); Gu Leng Yu, Xiamen
(BMNH; IM, 3F,1R, IP); Tai Ping Bay, Qingdao
(BMNH; 2M, 2F, IR); Hui Quan Bav, Qingdao
(BMNH). Korea: Taesori, Sangch'uja I. (Choe, 1992;

Choe & Park, 1993). Taiwan: Yehhu, Taipei (BMNH).
Japan: 1.5 km WNWOnna, Okinawa (AMS); Bolo Point,

Okinawa (AMS, IF, IR; USNM, NSMT); Baten, Oki-

nawa (BMNH; IM, 2F, 3R); Tomioka. Kumamoto Pref

(NSMT, 2R); Nagasaki (USNM); Omura Bav, Nagasaki

Pref (NSMT); Goto, Nagasaki Pref (AMS); Nejiko, Hir-

ado I., Nagasaki Pref (BMNH; IM, IF); Tsut.su, Tsush-

ima I., Nagasaki Pref (BMNH); Fukoivoshi, Fuk-iK)ka

Pref (KU); Kure, Hiroshima Pref (KU); Hanazura, Ko-
chi Pref (MNHN); Tatsukoislri, Kochi Pref (USNM,
NSMT); Shirahama, Tanabe Bay, Wakavama Pref.

(BMNH; 5M, 2F, IR; USNM, NSMT); Shionomisaki,

Wakavama Pref. (NSMT); Kuchino, Shiznoka Pref.

(BMNH, 4M, 2R); Arasaki, Kanagavva Pref (USNM,
NSMT); Oga Peninsula, Akita Pref (KU); Asamushi, Ao-
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mori Pref. (USNM, NSMT); 2.5 km N Tomari, Aomori

Pref. (AMS); Kominato, Aomori Pref. (LACM).

Remarks: This .species is variable in conspicuous fea-

tures of the shell including color, spire profile and sculp-

ture, but consistent characteristics are the row ol dark

spots above the periphery', which e.\tend onto the pale

peripheral keel, the darker and often black spire whorls,

and the prominent keel at the periphery. There are some

recognizable geographical trends in shell characters. In

Japan and northern China the shape is taller, with flatter

whorls and a sharper peripheral keel; periostracal bris-

tles are present at least on the base of most well-pre-

served specimens; die spire, usually eroded, is black or

darklv patterned (Figures 18-21, 57-59). Shells from the

southern parts of the range are distinctly different.

Those from Okinawa have a pale pattern; the dark pe-

ripheral spots are most conspicuous on the spire whorls,

vv'hich are also often marked bv 2-4 spiral brown lines;

the whorls are sometimes rounded at the shoulder, and

usually bear strong spiral grooves above the periphery,

and the peripher;il keel is less pronounced; periostracal

bristles have not been seen (Figures 23, 61). Shells from

Hong Kong and southern China are similar in shape to

those from Okinawa, but are usually smooth above the

periphery, sometimes bear periostracal bristles on the

base, and the color is ochre with strong peripheral spots

and darkly patterned spire (Figures 24, 60). However,

these southern populations are also variable, and inter-

mediates apparentlv connect them with the typical

northern forms (Figure 22). Additional material, partic-

ularlv from the R\-uk-\ii Islands, would be desirable to

investigate this \ariation in more detml, and to confirm

our interpretation. The penial shape is similar through-

out the range. The egg capsules from Hong Kong (fig-

ures 124, 129, 130) are almost identical in shape to those

figured from Japan by Toldoka (1950; reproduced b\ Ya-

mamoto & Habe, 1962; Reid, 1989a), Habe (1956) and

Ohtsuka & Yoshioka (1985). However, at a diameter of

261 fjim they are slightlv larger in size than Japanese

capsules, measured as 150-2()0(xm (Tokioka. 1950), 150

|xm (Amio, 1963) and 220-250 (xm (Ohtsuka & Yoshi-

oka, 1985).

The rounded shells with lined pattern on the spire

that can be found in Okinawa bear some similaritii- to

those of P. fcisciata from Hong Kong. This led Reid

(1989a) to cemsider them conspecific (as P. infracostata)

.

However, new material from Hong Kong has showni that

both species occur there, although so tar the\ have not

been collected syntopicallv (i.e. on the same shores). In

Hong Kong the shells of P. luihci only occasionally bear

1-2 indistinct spiral brown lines above the periphery on

the last whorl, and their conspicuous peripheral spots

and darkl\' patterned spire differ from the 4—8 strong

spiral lines of local examples of P fa.sciata. Anatomically,

the mamilliform penial gland of P. Iiahei is smaller and

the penial filament relatively narrower and shghtly more
elongate than in P. fasciata. The egg capsules of these

two species (sampled in Hong Kong) also differ (Figures

122, 124).

Two other species are sometimes svnipatric with P.

luibci in the southern part of its range and might be

confused with it, P. hitulcnta in Hong Kong and P. roep-

stoijftana in the southern Rviik-yu Islands, Taiwan and

Hong Kong. PcasicUa hitulcnta has 5-9 strong spiral ribs

above the peripherv, usuallv a gap between inner and

outer series of ribs on the base (ribs all eijuidistant in P.

liabei), the columella has a thickened angulation at the

base, and the color pattern is of 7-13 broad and irreg-

ular, dark axial stripes (see Reid, 1989a, 1992). Anatom-

icallv the two are doselv similar; the penial filament of

P. Iiahci is shghtly narrower and more elongate, and

there are 4-6 cusps on the outer marginal tooth, but

only 3 in P lutulcnta. Peasiella rocpstotjfiana (Figures

142-145) has 4—13 strong spind grooves above the pe-

ripherv, frefjuently shows radial plications near the su-

ture and periphery, which give rise to strong crenulations

of the peripheral keel; the innermost one third of the

basal rathus lacks ribs; the color is often bright chrome
vellow or orange, with peripheral brown spots or band.

Anatomically, P. rocpstoijfiana from Hong Kong lacks

the mamilliform peniid gland, and the copulators- bursa

is absent.

Some abnormalities of the reproductive tract of P. lui-

bci have been found. A single specimen from Shiznoka

Prefecture had no maminiform penial gland (Figure 98),

and one (parasitized h\ trematodes) from Tanabe Bay

had two glands of normal size (Figure 97); in each case

normal specimens occurred in the same lots. One other

specimen from the latter sample had both a small, fully

formed penis and a small oxaduct. Genuine hermaph-

roditism has been described in onlv one littorinid genus,

Mainwariufiiii (Reid, 1986b), but pseudo-hermaphrodit-

ism (involving development of a penis and other male

characters in females) is known in several littorinid gen-

era (Reid, 19S6b, 1996), and is sometimes a response to

pollution bv organotin compounds (Bauer ct at.. 1995).

Peasiella species are not known to be tnily hermaphro-

ilite, antl tiiis example is probably a case of pseudo-her-

maphrocbtism.

Peasiella i.s.seli (Semper in Issel, 1869)

(Figures 2.5-29, 62-67, 99-101, 118, 119, 136)

Trochiis sp. Audonin, 1826:42

Riselhi isseli Semper in Issel, 1869:194, .347 [refers to Savigiiy,

Figures 62-67. Pctisicllti isseli. 62. Lectotype of Risella isseli Semper in Issel, 1869. Red Sea (MNHN). 63, 65, 66. Sue/., Egvpt

(BMNII ISSS.IO 14) 64, 67. llmijliada, Eirvpt (BMNH 1996.39,5). 68-75. Peasiella mauritiana 68. Tiwi Beach, 30 km S Mombasa,

Kenya. 69, 70, 73. Sedli. A! Kliassali, Oman. 71. Kuwait. 72, 74. Bandar Kliasran, Oman. 75. Bale Temay, Mahe, Seychelles.

Scale bar = 1 mm.
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1817: pi 5. figs. .35.1, .35.2; lectohpe (Reid, 1989a: fig. 62)

+ 2 paralectohpes MNHN, seen; Suez (Reid, 1989a); 2

paralectohpes in MGDex-Seniper Colin, seen, from Zan-

zibar are P mauritiana]. Pallarv, 1926:84, pi. 5, fig. 35.1.

35.2. Laniv, 19.38:71. Moiizzo, 1939:183. Bouchet & Dan-

rigal, 1982:13. fig. 65.

Risella {PeasieUa) isseli. —Nevill, 1885:160-161 [in part: in-

cludes P. mauritiana]. Trson, 1887:263, pi. 50. figs. .39, 40.

PeasieUa ).s.se/i.— Franc, 1956:25. Mastaller. 1979:40. Reid,

1989a:60-61, fig. 13, fig. 50 (penis), fig. 56 (sperm), figs.

97, 98, 101, 103 [in part, includes P. mauritiana].

Trochus sismondae Issel, 1869:225-226, pi. 2, fig. 13 [holotype

MGD, seen; Suez].

Risella isseli var. carinata Pallarv', 1926:84-85, pi. 5. fig. 36 [re-

produced from Savngnv, 1817: s\mt\pe MNHN, seen;

Suez].

Risella i.sseli van undata Pallarv', 1926:84, pi. 5, fig. 35.3 [re-

produced from SaMgnv, 1817; t\pes not in MNHN;Suez].

Nomenclature: Throughout its taxonomic history this

species, endemic to the Red Sea, has been confused with

P. mauritiana, and the two taxa have not previously been

distinguished at the specific level. In the original de-

scription, Issel referred to the figures of Sa\dgnv (1817)

based on Eg\ptian specimens. He also mentioned his

own material from Suez and Semper's from Zanzibar, of

which the latter (in MGD) is P. mauritiana. Reid (1989a)

designated one of the shells from the Sa\ignv Collection

as the lectot)'pe, and restricted the type locality to Suez,

thereby fixing the identity of this species.

Shell (Figures 25-29, 62-67): Adult size range 1.7-

4.2 mmdiameter Shape: conical to depressed conical

(H/D 0. 5.5-1. 23); outhne domed; whorls usually with

rounded or angled shoulder, occasionalh' flat or only

gently rounded; suture usually distinct; periphery sharply

angled, with prominent rib or flange; dorsal sculpture

sometimes slightlv nigose, but only rarelv does periph-

eral flange show slight crenulation; base flat or slightly

rounded; umbilicus small to moderate; columella round-

ed, sometimes with a slightly thickened angle at base.

Sculpture: protoconch 240 |xm diameter, 2.3 whorls,

protoconch II v\ath scattered small granules and narrow

wavy or straight ridges, of which 5 are visible above su-

ture (as in Figures 106, 107, of P. fasciata): teleoconch

whorls with 6—15 narrow ribs, uniform or unequal in

size, above periphery; rib at shoulder sometimes slightlv

enlarged; surface above periphery' covered with fine spi-

ral microstriae; base with 4-6 (rarely 2-7) ribs, larger

toward peripherv: Color: extremely variable; uniform

cream, ochre, orange-browai, dark chestnut brown or en-

tirely black; often with darker pattern of fine dots or

lines in dorsal grooves; dorsal surface sometimes with

fine white and brown marbled pattern; rarely a dark spi-

ral band on dorsal surface; sometimes 7-15 brown spots

on white peripheral keel; rarely pale sutural spots in ad-

dition to darker peripheral spots, but only very- seldom

does an indistinct pattern of broad radial bands appear;

spire sometimes pink or crimson; apex often lilac or

blackish; base lacking color pattern or with small spots

in grooves.

Animal: Head-foot: head unpigmented or blackish in

front, separate black band across base of snout; tentacles

usually with 2 longitudinal black fines; sides of foot with

some black pigmentation or unpigmented. Penis (Fig-

ures 99-101): filament long (509f total length), tapering

at tip; base thicker, with single mamilfiform penial gland

of moderate size. Pallial oviduct: large anterior bursa

present. Radula (Figures 118, 119): cusps pointed, major

cusp of lateral and inner marginal teeth slightK rounded,

central cusp of rachidian tooth sometimes slightK- apic-

ulate; base of rachicfian tooth occasionally with slight de-

velopment of pair of posterior denticles; outer marginal

tooth with 4 pointed cusps, outermost more rounded,

becoming smaller toward midline.

Distribution: Habitat: Abundant under coral blocks

in upper eulittoral on a moderatelv sheltered shore

(Egypt; D. G. Reid).

Range (Figure 136): Red Sea and Aden.

Records and material examined: Israel: Eilat (BMNH,
IM, 2F; USNM, ANSP). Egypt: Faraun Lsland, Gulf of

Aqaba (HD); Ras el Kura, Daliab, Sinai (HD); Suez

(BMNH, IP, 2R; MNHN); Suez Canal (Tillier & Bavay,

1906; Moazzo, 19.39); Hurghada (BMNH, 3M, 2F 2R;

HD). Sudan: Dungunab Bay (BMNH); Port Sudan

(BMNH; ANSP). Saudi Arabia: Jeddah (USNM,
MNHN). Eritrea: Mas.sawa (BMNH, NM); Dahlak Ar-

chipelago (BMNH). Yemen; Perim Island (MNHN);
Aden (MNHN).

Remarks: The shells of P. i.s.seli and P. mauritiana are

very similar, and the two have not previously been dis-

Figures 76-79. Penes of PeasieUa infracostata 7fi, 77. Tivvi Beach, 30 km S Mombasa, Ketna. 78. Karachi. Pakistan. 79. Ras

al-Hadd, Oman. 80-83. Penes of PeasieUa Juscopiperata. 80, 81. Tiwi Beach. .30 km S Mombasa, Kenva. 82, 83. Mapelane,

Zululand, South Africa (NM D5822). 84-87. Penes of PeasieUa patula 84-86. Cliangi South, Smgapore' 87. Paratvpe, Changi

Point, Singapore (BMNH 1996278). 88-91. Penes of PeasieUa faseiata 88, 89. U\ol Mission. Cape bampier. New Britain, Papua

New Guinea (AMS C163128), 90. Wu Kwai Sha, Hong Kong. 91. Peng Cliau, Hong K.ong. 92-98. Penes of Pea.siella habei. 92.

Tai Ping Bay, Qiugdao, China. 93. Sliirahama, VV'akayama Pref
, Japan. 94. Batcn, Okinawa, Ja]ian 95-97. Fujisliima, Tanabe Ba\.

VVakayama Pref., Japan. 98. Kuchino, S\miga Bay, Sliiznoka Pref., Japan. 99-101. Penes of PeasieUa isseli. Hurghada, Egvpt. 102-

105. Penes of PeasieUa mauritiana 102. Khor Hajar, Ras al-Hadd. Oman. 103. Anse La Mouche, Mahe, Seychelles. 104. Mera-

wwah I., Abu Dhabi. 105. Tiwi Beach, .30 km S Mombasa, Kenva. Note that stnictnre of mamilliform penial glands is visible by

transparency; mucous reservoir is shown by solid line, and extent of subepithelial glandular tissue by dotted line. The penial base

is .sometimes wrinkled.
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tinguished as separate species. From the new anatomical

material av;dlable for each species, it is clear that they

can be diagnosed by the form of tiie penis. This is of

the common type for the genus in P. isseli, with long

filament and small mamilliform gland, whereas in P

mauiitiana from throughout its large range it has a short

filament with mucronate and hooked tip, and a large

gland. Having separated the two using this character,

correlated differences in shell shape and coloration can

be recognized. In both, the development of the shoulder

angulation is variable; in P. isscli it is often absent or

represented only by an angulation of the profile, more

rarely bv a prominent rib; in P iiiaiiritiana the shoulder

is usuidly marked by a shaip angulation, often with an

enlarged or even carinate rib. The coloration is also dif-

ferent; in P. mauiitiana there is usually a pattern of

obliquely ratlial lines or stripes, often darker at the su-

ture and periphery; in P. isseli the color is highly variable,

but radial stripes rarely appear, and the apex is often

pink or blackish. Using these characters, together with

knowledge of the regional variation in the shell of P.

mauritiana, it has been possible to identify shells with

confidence. So far, it appears that P. isseli is restricted

to the Red Sea and Aden, whereas P. mauiitiana is wide-

spread in the Indian Ocean and Persian Gulf The two

apparently occur sympatrically just at the mouth of the

Red Sea. Two dead shells of P. isscli have been recorded

from Aden (MNHN), from which locality five other sam-

ples contained only P. mauritiana. Both have been found

together in a single lot of dead shells from Perim Island,

South Yemen (Jousseaume Colin, MNHN), which con-

tained 50 P. isseli and 8 P. mauritiana, readily separated

by their .shell characters.

The only other species to occur sympatrically with P.

isseli is P. infracostata. These two are readily distin-

guished by the presence of spiral ribs above the periph-

ery in P isscli (absent in P. infracostata}, anil by the color

pattern of obh(jue or zigzag lines in P. infracostata. The

shape of the penis is, however, similar in both.

Most Peasiella species show variation in color pattern,

sometimes on a regional or inteqiopuhitional scale. This

species is unique in the genus m its extreme intrapop-

ulational variation; shells from beneath the same rock

mav range from cream to p;itterned to black. Further-

more, occasional specimens can be found in which the

color changes from cream on the spire to entirely black

on the last whorl (Figure 26).

Peasiella mauritiana (Viader, 1951)

(Figures .3()-.34, 68-75, 102-105, 120, 121, 1.37)

Ri.sella mr/i —Lssel, 1869:194 [in part; includes P. mr/i].

Riwlta {Peasivlla) me/i— Ne\-ill, 188.5:160-161 [in part; in-

cludes P issi'ti]. MeK-ill & Standen, 1901:.364 [not Semper

in lssel. 1869[.

Peasiella me/i.— Reid, 1989a:60-61, figs. 14, 1.5, fig. 28 (rad-

ula), fig. 49 (fiead), fig. 97, 99, 100, 102, 104, 105 [in part;

includes P isseli]. Bosch et ai, 1995:46, fig. 119 [not P.

isseli (Semper in lssel, 1869)].

Ri.selln infracostata. --Ddutzenherg, 1929:496 [not lssel, 1869].

Risella is.seli van mauritiana Viader, 1951:149, pi. 3, figs 10, 11

[lectotype, here designated. Figure .30, -I- 2 paralecto-

types, 'seen, BMNH1989004; Grand Bay, Mauritius; 2

probable paralectotvpes Mauntius Institute, not seen].

Nomenclature: Hitherto, this species has always been

confused with P isseli. It was first named, as a variety

of that species, bv Viader (1951). Twt) specimens of Ri-

sclla isseli var. mauritiana were exhibited in the natural

history museum of the Mauritius Institute (R. Gajeelee,

pers. comm. 1985); these have not been examined, but

are likely to have been syntypes. In addition, there are

3 specimens in the Winck-worth Collection in BMNH,
labeled 'Peasiella isseli v. mauritiana Viader MS' in

Winckworth's hand; these are from Grand Bay, one of

the two lociilities mentioned in Viader's (1951) descrip-

tion. It is knowai that Winck-worth received specimens

from Viader (see also acknowledgement of Winck-worth's

assistance in determinations, Viader, 1951:1.36), and it is

likely that this material was sent by Viader before Winck-

worth's death in 1950. Since Viader (1951) chd not des-

ignate tvpe specimens, a lectotype is here designated

from the BMNHmateriid (ICZN art. 74; recommen-

dation 72B).

Shell (Figures 30-34, 68-75): Adult size range 1.6-

5.6 nun diameter Shape: highly variable; depressed con-

ical to Hattened (H/D 0.42-1.03); outline ilomed,

straight or spire sfightly concave; shoulder usually sharp-

Iv angled, or with projecting rounded carina (some Per-

sian Gulf and northern Omanspecimens), or sometimes

becoming rounded or even flattened on last whorl; su-

ture usuallv distinct; periphery sharply keeled or flanged,

or with flaring rounded carina (some Persian Gulf and

northern Oman specimens); shoulder occasionally reg-

idarlv nigose and peripheral flange with 7-8 slight cren-

ulations (some East African specimens); base flat to

rounded; umbilicus small to large; columella rounded,

sometimes indistinctlv thickened and angled at base.

Figures !()(>, 107. Frotoconch of Peasiella fasciatn, Uvol Mission. Cape Danipier, New Britain, Papua New Guinea (AMS

C163128). Figures 108, 109. Radulae oi Peasiella infracostata. 108. Karachi, Pakistan (flat view, shell D= 1.5 nun). 109. Ras al-

Hadd, Oman (flat view, shell D=1.9 mm). 110, 111. Two \iews (flat and at 45°) of radula of Peasiella fiiscopiperata, Tiwi Beach,

30 km S Mombasa, Kenya (slieii D=1.7 mm) 112, 113. Two views (flat and at 45° from side) of radula of paratype o( Peasiella

patula. Changi Point, .Singapore (BMNH 199627S, shell D=1.7 mm); note posterior denticles on base of rachidian tooth (arrow).

Scale Inirs: 106, 107 = 100 |jlui; 108-113 = 20 jxm.
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Sculpture: protoconch 220 [im diameter, 2.2 whorls,

protoconch II with .scattered small granules and narrow

wa\y or straight ridges, of which 6 are visible above su-

ture (as in Figures 106. 107. of P. fasciata); teleoconch

whorls usually with 6-12 fine spiral ribs above periphery;

sometimes onlv single rib at shoulder, or absent; surface

above peripher\' covered with fine spiral microstriae;

base with 4-7 (rarely 1-3) ribs, becoming weaker and

more closely spaced around umbiHcus; periostracum

thicker than in other species of the genus, and may flake

off from dn- shells; ribs on base and rarely on dorsal

surface mav bear periostracal bristles (some Persian Gulf

and northern Omanspecimens). Color: cream to ochre;

usually with dark brown oblique (opisthocline) hnes or

narrow stripes, numbering 6-11. often darkest or broad-

est at suture and periphery; in northern Omanand Per-

sian Gulf oblique lines may number up to 23 on last

whorl, anastomosing to produce 8-15 spots at suture and

periphen-; diagon;il stripes occasionally present only at

suture and periphery (some East African specimens); di-

agonal pattern only rarely entirely absent or developed

only on spire (most specimens from Seychelles); often a

single brown spiral line on early spire whorls; base un-

pattemed or with small brown spots on ribs, occasionally

forming radial fines; parietal callus, columella base and

umbifical margin sometimes browaiish.

Animal: Head-foot: front of head blackish or with nar-

row black band only, separate black band across base of

snout; tentacles with 2 longitudinal black lines; sides of

foot with some black pigmentation or unpigmented. Pe-

nis (Figures 102-105): filament short (20-30% total

length), with elongate, mucronate tip, distinctly hooked

or minutely hammer-shaped at very tip; base thicker,

finelv wrinkled, with single large mamilliform penial

gland (rarely absent) with elongate reservoir. Pallial ovi-

duct: bursa present, apparently at posterior end of

straight section. Radula {Figures 121, 122): cusps point-

ed, major cusp of lateral and inner marginal teeth slight-

ly rounded, central cusp ol rachidian tooth slightly apic-

ulate; outer marginal tooth with 4 pointed cusps, out-

ermost more rounded, becoming smaller toward mid-

fine.

DLstribution: H(i]>itat: intertidal rocks, pools and Tlwl-

as.sodr lid roil Hats in a sheltered bay (Inhaca Island; R.

N. Kilburn); barnacle zone on beach rock (Aldabra;
J.

D. Taylor); among barnacles in high eufittor;il, on surf

beach (Masirah Island;
J.

D. Taylor); crevices in fime-

stone, in upper eulittoral, on sheltered coast and in tidal

lagoon (Ras al-IIadd; E. Glover); among baniacles on

mangrove pneumatophores (Abu Dhabi; D. George);

among Crassostrea (Kuwait; D. Jones).

Ran^e (Fiffire 137): Zululand to Persian Gulf, Mauri-

tius, Madagascar, Seychelles; excluding Red Sea.

Records and material examined: South Africa: Mission

Rocks. Zululand (NM). Mofambique: Inhaca Island

(NM, IM); Benguera Island (NM); Mozambique Island

(NM). Tanzania: Zanzibar (BMNH). Kenya: Tiwi Beach,

30km S Mombasa (BMNH, 2M. 2F). Madagascar: Tu-

lear (MNHN); Maliajanga (IRSNB); Nossi-Be (USNM.
ANSPMNHN.ZMA); Diego-Suarez (IRSNB). lie Ma-

yotte (MNHN, IM). Mauritius: Grand Bav (BMNH,
NM); Pointe Radeau, S of Roches Noires (NM); Pointe

d'Azur (NM). Seychelles: Aldabra (BMNH); Baie Ter-

nay, Miilie (BMNH, 2R); Anse la Mouche, Mahe
(BMNH, IM, IF; USNM); Northwest Bay, Mahe
(ANSP). Djibouti (MNHN). Yemen: Perim Island

(MNHN); Little Aden (BMNH, 2F); Aden (BMNH,
MNHN). Oman: Hamran. Zufar (BMNH); Sudh

(BMNH); Sadh (BMNH); Kuria Muria Islands (ZMA);

Masirah Island (BMNH. IF; ZMA. 2F); Sedli. Al Khav-

sah (BMNH); Khor Hajar, Ras al-Hadd (BMNH. IM,

2F, IR); Bandar Kliayran (BMNH); Al Bustan, 3.2 km
E Muscat (ZMA); Muscat (NM); N of Sharm (BMNH).
Abu Dhabi: Merawwah Island (BMNH. 3M, IF). Qatar:

Khor. Doha (BMNH). Kuwait (BMNH).

Remarks: Although shape and coloration are highly

variable in this species as a whole, some geographical

patterns can be tfistinguished. In southern Arabia the

spire is a little taller, the shoulder more rounded, the

peripheral keel less pronounced, and spiral sculpture on

the dorsal surface is weaker or even absent (Figures 33.

69. 73). In the Persian Gulf and northern Oman there

is a tendency to flattening of the spire, and dexelopment

of heaw carinae at the shoulder and peripher\-. while

the dark obli(jue fines become more numerous (Figures

31, 71, 74). Specimens from Kenya and Zanzibar are

more nigose. sometimes with regular racfial folds and

slightlv crenulate peripheral flange (Figures 34. 68). In

the flattened and weakly shouldered specimens from the

Sevchefles (Figure 75) the fined color pattern is absent

or occasionallv present on the spire only. In typical spec-

imens from the Mascarene Islands. Madagascar and Mo-

9ambi(jue, the shoulder is scarcely marked and the color

pattern is pronounced (Figures 30, 32).

The shell of this species is most likely to be confused

with tliat of/' (.s,st7( (see Remarks on that species), which

Figures 114-116. Radulae of Peasiella halm. 114. Baten, Okinawa, Japan (flat view, shell D=3.2 mm). 115. Ma Liu Shi. Hong

Kong (view at 45°. shell D= 2.2 mm). 116. Gu Leng Yu, Xiamen. China (view at 4.5° from side, shell D=1.8 mm). 117. Radula of

paratvpe of Pcasidla fasciat a. Turtle Bay. Cape Ferguson, Queensland. Australia (BMNH 1996273; view at 45°, shell D= 2.1 mm).

118,'ll9. Radulae of PrasirUa mc/i. 118. Hunj;liada, Kgvpt (flat view, slid! D= 2.4 mm). 119. Hvirghada. Egvpt (view at 45°, shell

D= :?,() luuii. 120, 121. Two views (flat and at 4.5°) of radula of AY;.vic//« inmiritiana. Khor Hajar. Ras al-Hadd. Oman (shell D=3.6

mm). Scale hars = 20 (Jini.
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Figures 122-124. Egg capsules of Pcnsiella species. 122. Pcasiclla fnsciata. Cape d'Aguilar, Hong Kong. 123. PeasieUa patida.

Changi Point, Singapore. 124. PensU-Un Itahri. Ma Liu Shi, Tolo Harbour, Hong Kong.

is endemic to tlie Red Sea; the two are only known to

be sympatric close to the mouth of the Red Sea. Two
other species, P. infracostata and P fuscopipcrota. can

be found s\nitopically with P nmuiitiana, and all three

have diagnostic penial shapes. The shell of P. infracos-

tata is alwavs smooth abo\'e the periphery, and is thus

easily distinguished from all ribbed and shouldered

forms off matiritiana. However, examples of the latter

from southern Oman and Yemen may lack ribs above

the peripherv, and if the shoulder angulation is poorly

developed mav be confused with P. infracostata. The ba-

sal ril)s may then be useful; in P. mmiritiana the outer-

most rib is the largest, but in P. infracostata the mid-

basal rib is most prominent. Rare examples of P. fiisco-

piperata which ha\'e spiral sculpture above the periphery-

could lie confused with this species, lint lack the shoul-

der angulation.

ADDITIONAL NOTESONOTHERSPECIES OF
PEASIELLA

PeasieUa roepstorffiana (Nevill, 1SS5)

(Figures 142-145)

Di.stribution: Additional records: Indonesia: Ambon
(NN.ML). T;iiwan: Kcnding, Kaohsiang (BMNH); Yehhu,

Taipei (BMNH). Japan: Kauuon Saki, Ishigaki, Rvuk-yu

Islands (BMNH).

Remarks: The range of this species is now extended

from Hong Kong (Reid, 1989a, 1992) to T;iiwan and the

.southernmost RvTikyu Islands (Figures 142, 144, 145),

and also includes Ambon in Indonesia. A curious feature

of this species is the apparent dimoiphism ol penial

form; a mamilliform gland is present in material from

Queensland, but not in specimens from Asia (Reid,

1989a). The absence of a penial gland has been con-

firmed in m;it('rial from Ishigaki and .Xmbon. .Vdditional

anatomical material has also been seen from Lautoka,

Viti Levu, Fiji (BMNH); penial glands were found to be

absent in two specimens, but in a third a nidimentary

gland was present, with a cluster of subepithehal tissue

but no reservoir or papilla. This supports the earlier sug-

gestion that the peni;d dimorphism is indeed intraspe-

cific. A similar case of geographic;d \ariation in presence

or absence of a single penial gland has since been re-

corded in Littoiina kasatka (Reid, 1996). The new Fijian

material also supports the identification of the distincti\'e

darklv tessellated shell from the eastern part of the range

as merelv a color variant of this species. Sb; additional

radulae examined (Hong Kong, Singapore, Tiiiwan, Ja-

pan) each have 3 cusps on the outer marginal tooth, as

recorded by Reid (1989a). The egg capsule of this spe-

cies was described bv Mak (1995) from Hong Kong; it

is nuich larger than those capsules described here, 360-

390 |xm in diameter, and similar in shape to that of P.

hahei, although without the h\'o inner concentric rings

on the upper surface.

Pcasiclla conoidalis (Pease, 1868)

(Figures 138-141)

Remarks: AdtlitionJ anatomical materi;il of this species

has been seen from Taiwan and Ishigaki, Ryuk)ii Islands

(BMNH). The penial shape is the same as that illustrated

b\- Reid (1989a), with a small and slender penial gland.

Shells from these loc;Jities are often darker in cok)r than

those found elsewhere, with brown dots (or occasionally

fine lines) in the spiral grooves abcne the peripher)- and

strong brown marks in the folds behveen the peripheral

creiHilations (Figin-e 138). In some shells the pattern con-

.sists of 1(>-17 dark browni axial stripes (Figiue 140). Peas-

ieUa rocpstoiffjana ;ilso occurs at these localities, and

shells of the t\\t> are ea.silv confused since both are veUovv,



D. G. Reid and Y.-M. Mak, 1998 Page 27

' i.

125 126

im ]

I'
127



Page 28 THE NAUTILUS, Vol. 112, No. 1

small, worn example of this species (specimen now in

BMNH). PeasieUa corwidalis has also now been recorded

on die African mainland for die first time, from Tiwi

Beach, Kenva (BMNH), where it occnrred v\ith P. infra-

costata, P. fuscopipcrata and P. mauiitiona. Another new
record is from Ambon, Indonesia (NNML).

Pca.siclla lufiilcuta Reid, 19S9

Remarks: This species is now recorded from Singa-

pore (BMNH), where it appears to be rare. One of the

five specimens found was a female with a mature paUial

oviduct as well as a small penis (see Remarks on P. habci

and P. pattda). Two additional radulae examined each

have 4 cusps on the outer marginal teeth, whereas Reid

(1989a) found 3 cusps.

PeasieUa petiti Le Renard, 1994

Remarks: This species from the Eocene of France

was described and figured as P. minitta (Deshayes, 1824)

bv Reid (1989a); this name is preoccupied, and the spe-

cies was renamed by Le Renard (1994).

DISCUSSION

Snf:i,l, V.\RIATION

Our reassessment of the taxonomy of PcasicUa has not

altered the earUer conclusion (Reid, 1989a) that the shell

characters of these littorinids are unusualK- variable.

Elsewhere in the family, species with likewise plankto-

trophic development do not normally show such con-

spicuous variation (e.g. Reid, 1986a, 1996). The varia-

tions in whorl outline and sculpture are most striking,

since these characters are traditionallv used to diagnose

httorinid species. For example, in P. injracostata and P.

fuscopiperata the periphery may be strongly keeled or

smoothlv rounded. In P. isscli and P. maitritiana the

whorl profile may be almost flat or may develop a prom-

inent carina at the shoulder In P. fuscopiperata, P. pa-

tula, P. habei and P. mauritiami the surface above the

periphery may be smooth or bear spiral ril)S. Shell thick-

ness is also \ariable, ranging from solid and opaque to

thin and translucent in both P. injracostata and P fus-

copiperata. One sculptural character that is more useful

for identification is the number and size of the ribs on

the base. Manv littorinids arc conspicuously variable in

shell color and pattern, and this is also the case in some

PeasieUa species, notably P isseli. Nevertheless, we have

found the number and arrangement of the obUque or

spiral color bands t(j be one of the more useiul charac-

ters for their identification. The cause and adapti\e sig-

nificance of shell variation in non-planktotrophic littorin-

ids has been the subject of much researcli, but that oi

the plank-totrophic species is less well understood (re-

views by McQuaid, 1996; Reid, 1996).

Anatomy

Throughout the family Littorinidae the shape of the pe-

nis is known to be one of the most useful taxonomic

characters, and probably plays a role in species recog-

nition in nature (e.g. taxonomic accounts and reviews by

Reid, 1986a, 1989b, 1996). It was therefore surprising

that the prexaous account oi PeasieUa (Reid, 1989a) con-

cluded that penial shape was similar throughout the ge-

nus. All the six species for which anatomical materiid was

then available showed a penis with a long filament and

a single mamiHiform penial gland (although in P rocp-

storffana the gland was found to be absent over much
of the geographical range). The new material available

to us in the present study has re\'ealed that s\nipatric

species do in fact frequenth' show diagnostic differences

in penial form, particularly in the relative sizes oi fila-

ment and penial gland.

The gross moipholog\' of the female reproductive sys-

tem does not, however, show useful diagnostic charac-

ters. The arrangement of the loops of the egg groove

through the glands of the palfial oviduct is the same in

all 11 species oi PeasieUa (as illustrated bv Reid, 1989a:

figs. 57, 58, 65, 66). The copulaton bursa is apparently

absent in six species, but this character is not useful for

identification since it can be difficult to trace without

histological preparation. Furthermore, in at least one ht-

torinid, Littorina saxatilis. there is intraspecific variation

in this feature, for the bursa is sometimes vestigial or

absent in small, but mature, adults (Reid, 1996: 312).

The egg capsules of four PeasieUa species have now

been described (P habei, P. patula, P. fasciata, herein;

P rocpstotffana in Mak, 1995). At least in P habei the

form of the capsule is constant over a wide geographical

range, although there is some variation in size (see de-

scription of this species). These four species each show

a unique capsule shape, and there is an almost twofold

range of diameters among them. Similar interspecific

variation is present in the genera Wxhlittoiina and Lit-

toraria (reviews bv Bandel 6c Kadolsky, 1982; Reid,

1986a, 1989b; Mak', 1995), although in most cases intra-

specific variation is poorly kiiovvni. The radial plication of

the capsules of P patula and P. fasciata has hitherto been

described onlv in Sodilittorina species

In general, the radula of fittorinids is taxononiicallv

useful for the diagnosis of generic groups (Reid, 1989b),

lint not at the species level (e.g. Reid, 1986a, 1996). As

in tlu' earlii'r studv, we have found the radula of PeasieUa

species to be relatively uniform in the genus, showing

interspecific variation onlv in the mmiber of cusps on

Figures 131-135. Distribution maps tA l','/isirlln species, compiled from records listed in text. 131. PeasieUa iufnuosltitn. 132.

PeasieUa fiisiopipmild 1.33. Pi-asiillii patula 1.34. Priisii-lhi fiisciata 1.3.5. Pitisiclla hahei.
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Figures 136, 137. Distrilnition nmp.s of Piasiella species, compiled t'roni records listed in te.\t. 136. Peasiella isseli. 137. Pensiella

mnuritiana.

Figures 138-141. I'casirUa ronoidalis. Kcndint;, Kaolisiaiii;, Taiwan (BMNH 199(i-59.S). 142-145. I'laswUa nvpstorffiana. 142.
Kannon Saki. Isliiijaki. Japan (HMNd 1996:5991. 143. Ma Lin Slii, Honj; Kong (BMNH 1996400). 144. Yelilin, Taipei, Taiwan
(BMNH 1996401). 14.5. Kciidini;, Kaolisianj;, Taiwan (BMNH 1996402). Scale bar = 2 mm.
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tile outer marginal tooth, ami m the development oi ha-

s;il denticles on the raehiilian tooth.

Phvi,(ic;env and Bi()(:i'.()(;hai'ii\

The phvlogenetic relationships of PcasicUa within the

Littorinidae remain uncertain. In the nioqihological

phvlogenetic analvsis of Reid ( iy89h), the gcTius ap-

peared as the sister-taxoii ot Maimcahngia in the con-

sensus of all equallv parsimonious trees; however, no

unique s\iiapomoq)hv tor these two taxa was found. An-

atomicalK, thev are similar in their penial form (single

mamilliform gland and closed sperm duct), pallial om-

duct loops (although these are shghtlv more complex in

Mainwaringia. Reid, 1986b) and egg capsule shape

(compare Reid, 199():fig. 3j with Mak, 1995: fig. 2d), hut

some of these resemhlances mav he plesiomoqihic. Thev
are so different in their shell and opercular shape, rad-

ular teeth and in the unique hermaphroditism oi Main-
waringia, that a close relationship might seem unlikely.

Nevertheless, prehminar\' molecular data offers some
support for their sister-group relationship, and is cur-

rentlv under investigation (R. H. Thomas, pers. comm.).

Morphological features do not provide sufficient in-

formation for a cladistic analysis at the species level, and

in the absence of an une(juivocal sister-group the polar-

ities of the few aviulable characters are doubtful. The
five species confused by Reid (1989a) under the name
P. infracostata (P. infracostata. P. fiiscopipcrata. P. pa-

tula. P. hahci, P fasviata) are a possible clade, showing

some similariU in shell form (tendencv to reduction of

peripheral keel and spiral ribs, presence of spiral cokjr

bands), and in radular cusps (4^8 cusps on outer mar-

ginal tooth, except 3—4 in P. pattila: cf 3-4 in all re-

maining species).

Four probable pairs of sister-species can be suggested.

PeasicUa infracostata and P. fuscopipcrata are closeK

similar in shell characters; both lack a copulators' bursa,

and radular cusps are similar. Their geographical distri-

butions are knowm to overlap only between Mo^ambi(jue

and Kenva, which might suggest an allopatric mode of

speciation followed b\ limited secondarv contact. These
two have strikingly dissimilar penial shapes, as would be

predicted if this were either an isolating or species-rec-

ognition mechanism (Reid, 1996). A second likely sister-

species pair is P. isscli and P. mauritiana. Again these

are similar in shell characters, but differ in penial shape.

These are aliuost completel)' allopatnc; P isscli is re-

stricted to the Red Sea, while P. mauritiana occurs wide-

ly in the Indian Ocean and Persian Gulf, and thev over-

lap only in the vicinih' of Aden and at the mouth of the

Red Sea. While endemism in the Red Sea fauna is high

in some groups, among mollusks it is generally low

(Sheppard et al, 1992). During the substantial falls in

sea level produced bv Pleistocene glaciation, the Red
Sea became hvpersaline, and recolonization from the

Arabian Sea has occurred only since the Holocene trans-

gression. Speciation in the Red Sea mav therefore be a

recent phenomenon. At present, the currents at the

mouth of the Red Sea do not appear to prevent passage

of plankionic lanae, but the cold upweUing on the

southern Arabian coast during the summer months may
cause a partial isolation of the Red Sea from the Arabian

Sea and Indian Ocean (Sheppard rf al., 1992). The third

likelv pair is P hahci and P. fasciata. vs'hich both belong

m the infracostata group'. These are known to overlap

only between Hong Kong and Taiwan, and show a shght

but consistent difference in penial shape. Finally, P. co-

noidalis mvX P tantilla mav be sister-species. Their rad-

ula, o\iduct and penis are identical, shells are similar in

sculpture, and both occur only on oceanic islands (Reid,

1989a). The former is widespread throughout the Indo-

West Pacific, whereas the latter is restricted to the Ha-
w;dian Islands, suggesting a case of speciation by pe-

ripheral isolation. The species status of P. tantilla is

based only on its distinct shell. The two are not biown
to occur svmpatricallv and, assuming that penial shape

is an isolating mechanism, there has presumablv been
no selection for its divergence.
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